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We show that inactivating the b2m gene increases the viral load of SJL/J mice persistently infected by
Theiler’s virus. Together with previous results, this shows that the characteristics of Tmevp1, a locus which
controls the amount of viral RNA that persists in the central nervous system, are those of an H-2 class I gene.

The DA strain of Theiler’s murine encephalomyelitis virus
(TMEV), a picornavirus, is responsible for a biphasic neuro-
logical disease of mice. The first phase is an acute encephalo-
myelitis which takes place during the first 2 weeks that follow
intracerebral inoculation. During the second phase, which oc-
curs only in susceptible animals and is lifelong, persistent in-
fection of the white matter of the spinal cord causes chronic
inflammation and primary demyelination (14, 15). This natural
disease is considered one of the best models for multiple scle-
rosis (13, 20).

The extent of demyelination and the amount of viral RNA
that persists in the central nervous system (CNS) vary greatly
among inbred mouse strains (8). A locus with a major effect on
both phenotypes has been mapped by several groups to the
H-2D region of the major histocompatibility complex (MHC)
(10, 12, 17, 21, 23). This locus has been named Tmevp1 for
Theiler’s murine encephalomyelitis virus persistence locus 1.
Three phenotypes have been defined for the amount of viral
RNA that persists in the CNS. Resistant strains clear the in-
fection, and their F1 crosses with the SJL/J strain clear the
infection as well. Strains of intermediate susceptibility clear the
infection, but their F1 crosses with the SJL/J strain do not and
are infected at high levels. Finally, susceptible strains remain
persistently infected at high levels. In 15 of 16 mouse strains
examined in one study, the viral RNA load was determined by
the Tmevp1 haplotype. The H-2b haplotype was associated with
resistance, the H-2q haplotype was associated with susceptibil-
ity, and the H-2d, H-2k, and H-2s haplotypes were associated
with intermediate levels of susceptibility (10). The SJL/J strain
was the only strain which was more susceptible than predicted
by its H-2s haplotype. In subsequent work, its susceptibility was
explained by non-H-2 loci, which have been mapped, on the
mouse genome (9). Two of these loci are located close to each
other on the telomeric part of chromosome 10 (6). Interest-
ingly, multiple susceptibility loci located in the same region
have also been reported for other phenotypes induced by Thei-
ler’s virus infection and for other diseases.

Several observations suggest that the H-2D class I gene ex-
plains most of the characteristics of the Tmevp1 locus (3, 16,
22). The goal of the present work was to test if MHC class I

genes control the load of viral RNA in the SJL/J strain, a
prototypic susceptible strain with an H-2s haplotype normally
associated with intermediate susceptibility. We examined this
point using inbred SJL/J mice with an inactivated beta-micro-
globulin gene.

SJL/J b2m2/2 mice obtained from the Jackson Laboratory
(Bar Harbor, Maine) were crossed with wild-type SJL/J mice.
SJL/J mice with the three genotypes (b2m2/2, b2m1/2, and
b2m1/1) were inoculated intracerebrally with 104 PFU of the
DA1 strain of TMEV and studied during the acute (6 days
postinoculation [p.i.]) and the chronic phase (21 and 45 days
p.i.) of the infection. DA1 is a molecularly cloned TMEV DA
strain produced from the infectious pTMDA1 plasmid (18, 19).
The amount of viral RNA in the CNS was measured by using
a dot blot assay (1, 10). Briefly, for each mouse, fivefold dilu-
tions of total RNA were dotted onto a filter and hybridized
with either a viral cDNA probe or a control b-actin probe. The
hybridized filters were analyzed with a phosphorimager. The
highest dilution which gave a positive signal was used as a
measure of viral RNA content (see Fig. 1 of reference 7). To
normalize the results between experiments, dilutions of refer-
ence RNA samples were dotted onto each filter. The means of
viral RNA content for mice with the three genotypes were
compared by using analysis of variance, and two-tail compar-
isons were performed by using Scheffé’s test. Viral antigens
were detected in CNS sections by immunocytochemistry (2).

No clinical symptoms or mortality were observed in either
group of mice. At 45 days p.i., in the spinal cord, the viral load
was significantly higher in SJL/J b2m2/2 mice (mb2m2/2 5
3.6 6 0.1 [n 5 15]) than in SJL/J b2m1/1 mice (mb2m1/1 5
2.2 6 0.4 [n 5 17]) (P 5 0.0099). SJL/J b2m1/2 mice had an
intermediate phenotype (mb2m1/2 5 2.8 6 0.3 [n 5 19]) (Fig.
1C). As determined by immunocytochemistry, the virus was
localized in the white matter of spinal cord, often close to the
border with the gray matter, in mice with the three genotypes
(Fig. 2). A large number of infected cells were observed in the
five SJL/J b2m2/2 and five SJL/J b2m1/2 mice examined. In
contrast, only low numbers of infected cells were detected in
SJL/J b2m1/1 mice and only in four of seven animals. The
extent of inflammation (meningitis, perivascular cuffs, and dif-
fuse parenchymal infiltration) correlated with the number of
infected cells. In conclusion, the SJL/J b2m2/2 mice are more
susceptible to viral persistence than wild-type SJL/J mice.
SJL/J b2m1/2 mice have an intermediate phenotype. Viral
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localization within the CNS is the same for the three groups of
mice.

To evaluate the effect of the b2m2/2 mutation on the early
phases of the infection, the load of viral RNA and histopathol-
ogy were examined in brain and spinal cord at 6 and 21 days p.i.
At 6 days p.i., no significant difference in the load of viral RNA

was detected among the three groups of mice, in brain (P 5
0.1476) as well as in spinal cord (P 5 0.1622) (Fig. 1A). His-
tological studies showed viral antigens mainly in the cortex and
hippocampus in three of six wild-type SJL/J mice, five of six
SJL/J b2m1/ 2 mice, and both SJL/J b2m2/2 mice examined.
Infection was associated with perivascular cuffs and parenchy-

FIG. 1. Amount of viral RNA in the CNSs of mice with the wild-type SJL/J, SJL/J b2m1/2 and SJL b2m2/2 genotypes. Mice were examined
at 6 days p.i. (A), 21 days p.i. (B), and 45 days p.i. (C). The amount of viral RNA is expressed as the highest RNA dilution which gave a
hybridization signal in a dot blot assay. The left y axis shows the amount of viral DNA as a dilution factor, whereas the right y axis shows the amount
of viral DNA as a score which corresponds to the dilution number in the series. Open bars, spinal cord; solid bars, brain. n, number of animals
per group.
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mal inflammation (data not shown). At 21 days p.i., the amount
of viral RNA in brain was significantly higher in SJL/J b2m1/2

(mb2m1/2 5 1.0 6 0.1 [n 5 22], P , 0.001) and SJL/J b2m2/2

mice (mb2m2/2 5 1.6 6 0.2 [n 5 10], P , 0.0001) than in SJL/J
b2m1/1 mice (mb2m1/1 5 0 6 0 [n 5 16] (Fig. 1B). No
significant differences in the viral RNA load in the spinal cord
were observed for mice of the different genotypes (P 5
0.2976). Histological examination confirmed that by 21 days
p.i., the virus had infected the white matter of the spinal cord
for the three groups of mice. The viral RNA loads in the brains
were significantly lower at 21 days p.i. than at 6 days p.i.
regardless of the SJL/J genotypes (P , 0.0001). On the other
hand, the amount of viral RNA in the spinal cord increased
significantly between 6 and 21 days p.i. (P 5 0.0151) but only
slightly, and not significantly, between 21 and 45 days p.i. (P 5
0.2152). This increase was independent of the genotype. In
summary, these experiments show that SJL/J b2m2/2 and
SJL/J b2m1/2 mice are more susceptible to persistent infection
of the white matter of spinal cord than wild-type SJL/J mice.
They also show that the differences in viral RNA load become
significant only at the onset of the chronic phase of the disease.

In conclusion, our results show that MHC class I genes
control the amount of viral RNA that persists in the CNS even
in a highly susceptible strain, such as the SJL/J strain. The

Tmevp1 locus has three major characteristics. First, it is located
in the H-2D region of the MHC. Second, the resistant H-2b

haplotype is dominant. Third, mice with Tmevp1 haplotypes of
intermediate susceptibility control the viral RNA load to some
extent. All these characteristics could be those of an H-2 class
I gene. Indeed, the H-2Db gene, not the H-2Kb gene, confers
resistance to persistent infection, which agrees with the H-2D
localization of Tmevp1 (4, 5). Susceptible mice transgenic for
the H-2Db gene become resistant, which is consistent with the
resistant haplotype of Tmevp1 being dominant (3). Last, the
present data show that mice with a Tmevp1 haplotype associ-
ated with intermediate susceptibility control the persisting viral
RNA load through a class I-restricted mechanism. Therefore,
TMEV persistence appears to be under the control of a single
MHC-linked locus, Tmevp1, which has all the characteristics of
an H-2 class I gene. Interestingly, for experimental autoim-
mune encephalomyelitis, which is another model of multiple
sclerosis, several H-2 loci have been implicated in genetic con-
trol of the disease (11).
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